Planning and making advance decisions for an Engineering Procurement Construction (EPC) project is very critical because of the complexity of the project and the equal importance of major areas within engineering, procurement and construction. However, EPC projects, particularly in Alberta, have suffered from variances (or overruns) in cost and schedule in the last decade. Therefore, predicting an EPC project's outcome to a certain degree of accuracy in terms of cost and schedule, based on historic data, could add value to EPC business. The research presented in this paper has two objectives. First, it identifies areas of major influence to the final project cost by ranking the generic EPC schedule elements that have been developed by the Construction Industry Institute (CII). Second, it analyzes historical project information and shows the relationships between variances that may occur during the project's life cycle to predict the cost outcome of an EPC project.
This paper is based on ongoing research that identifies areas of major influence on the final cost of an EPC project. The research presented in this paper has two objectives. First, the research identifies areas of major influence on the final project cost by ranking generic EPC schedule elements, developed by the Construction Industry Institute (CII). Second, this research presents an analysis of historical project information and demonstrates the relationships between variances that may occur during the project life cycle that could be used to predict an EPC project's outcome. Variances in cost and schedule are the primary components for large overruns that have been evident in the EPC industry.
BACKGROUND
Academics and professionals have performed numerous research projects leading to the optimization of scheduling and project cost control issues. Andrew (2002) documented the reasons for cost and schedule increases for engineering projects, using four case studies, which were useful in studying human errors in complicated processes. He identified that one third of engineering/architectural projects miss the planned (i.e. original targets set at the project funding approval stage) cost and schedule targets set out by the stakeholders. It was this statement that became the starting point for this research; an investigation of the variation and its impact on final project cost was then undertaken.
Studying cost and schedule variances over any project's life have gained great importance, and several attempts have been made to benchmark or identify best practices. Hamilton and Gibson (1996) focused on measurement and benchmarking of the pre-project planning efforts for capital projects. This research consisted of 62 capital projects from petroleum, chemical, pulp and paper, petro-chemical, consumer products, pharmaceutical, communication, and government. This research established that risk is reduced considerably with formal pre-project planning. Cost performance can increase as much as 20% and schedule performance by as much as 40%.
Various scheduling techniques have been developed, implemented, and tested for project schedule maintenance. The well-known techniques of Program Evaluation and Review Technique (PERT) and Critical path Method (CPM) were developed in the late 1950s; however, these techniques considered the time aspect of scheduling only, overlooking the human factors, resource restrictions, or cash flow problems in the schedule. PERT and CPM are based on network techniques that identify critical project paths. Resource-constrained project scheduling problems have been addressed since the early 1960s; work done by Davis (1973) addresses scheduling constraints. Evidence shows that time-cost trade-off scheduling problems have been addressed since the early 1970s. Siemens (1971) developed a simple CPM time-cost trade-off algorithm. Stephen at el (2001) developed an approach for resolving issues in scheduling and called it a dependency structure matrix (DSM). A DSM helps decide what to assume and how and when to plan project reviews. As identified by the author, the assumptions made in the project environment are the sources of greatest risk to the project cost and schedule variations. Hence, making explicit assumptions and determining their dependencies are the keys to controlling risk factors in a project's life cycle.
What is missing from these studies is the knowledge needed to understand the critical nature of engineering, procurement, and construction projects. As the project processes are not mechanically connected but are planned and executed by humans, it is essential to understand the approach people have towards the project execution process. The objective for conducting this research is to use the attitude/concept of the large population functioning in a project environment to identify critical and non-critical project activities. The intent is not to invalidate the work already done in developing cost and schedule maintenance techniques, but to develop a list of the generic critical activities in an EPC process that impact the final cost of an EPC project.
A general guide was established as an outline for known wide spectrum causes for schedule variation in an EPC Environment. Datta and Mukherjee (2001) identified an immediate and external environment that influences any EPC or industrial project. The immediate environment refers to investors, customers, suppliers, consultants, and contractors. Projects are executed within the organization's boundary and are surrounded by the immediate environment. These boundaries are more specific to any project type and can have a direct influence on the schedule. However, the difficult and most complex area affecting an organization and its project is the external environment or macro-environment. To make a project successful, the organization must analyze the social, political, technological, legal, and economic environments and their implications on the project.
Having reviewed the body of knowledge in literature, the researcher felt that no comprehensive study with supporting data has been performed that could identify generic critical EPC project activities. In all previous research work, predicting project outcome 4 from variances observed during the project life cycle was limited to network analysis and the other techniques discussed above, mostly using the scheduling network approach. Nevertheless, factors leading to the success and failure of many project types not limited to EPC have been approached and addressed in various ways by many researchers.
RESEARCH METHODOLOGY
Following are the stepwise methodological guidelines used for this research: 1. A literature search for existing knowledge in schedule control and cost management in the project environment was conducted. 2. Case studies of project historic reports (PHR) were investigated for a few major projects completed in Canada to support the EPC Organizational traits. 3. A pilot study was conducted to refine the research tools/questionnaire. The respondents for this pilot study were not limited to EPC industry. 4. The organization supporting the research facilitated staff interviews to establish a better understanding of the EPC process. The participating departments were the following: a) Construction Management, b) Cost Control, c) Estimating, d) Field Construction, e) Field Construction Management, f) Planning and Scheduling, g) Project Controls Management, h) Project Management, i) Project Engineering (See Figure 1. ) 5. The EPC framework, developed by CII, was examined and included in the research. 6. Research questionnaires were developed using the generic EPC framework. 4 Successful completion of objectives set forth and agreed by the stakeholders of the project as part of the project deliverables.
7. Three rounds of a modified Delphi survey 5 were conducted, with the cooperation of supporting departments in the EPC organization. 8. Historic project data was collected from the organizational electronic archives. 9. Project prediction models were developed and tested with an ongoing project reforecasting exercise.
EPC FRAMEWORK:
The process model/framework used for this research to establish the generic process for an EPC project was the outcome of research conducted by CII (Edward and Karen, 2000) and its associates. This generic model was developed in three stages. The first stage was made up of broad categories of the EPC process, which are Pre-Project Planning, Design, Material Management/Procurement, and Construction. EPC categories are called "level one EPC schedule activities." The second level is the macro level, which makes a broad division of the EPC process into a few sub-categories. At this level, the process is defined from pre-project planning through start-up; for this research, the categories are called "level two EPC schedule activities." The third level of detail is the micro level, where process units are described at the task level. At this stage, the process is broken down into generic EPC process activities and referred to as "EPC level three activities." The detail activity list is not discussed in the paper because of limited space. Considering the actual EPC schedule activities and comparing this list of generic activities derived from CII research will not produce a perfect match because there may be differences in project execution strategies based on a specific facility type or location. Likewise, different companies executing similar projects may perform the same EPC processes with some variations. For example, a chemical plant project by one organization will not be exactly executed as a "heavy oil/tar sands 6 " project by another organization that has its own unique requirements, such as process and weather constraints. The generic framework used for this research, which was extracted from CII's research, is not intended to be specific to one company's process, project, or location, nor is it situation dependent.
Conversion of Generic EPC Framework into Survey
The generic EPC framework discussed above was used to develop three rounds of the Delphi survey. The purpose of conducting a survey was to gain valuable knowledge from the experiences and judgments of people working in the EPC environment. The Delphi survey method was chosen to filter the survey responses and achieve consensus, which was achieved by asking the same question in different ways. The response in each survey round was then compared with the previous survey round and validated. Survey round one was developed using the EPC framework discussed above. The questionnaire was structured into four 5 Delphi is an iterative process to collect and distill experts' judgments using a series of questionnaires and interviews interspersed with feedback. 6 Oil sands are "hydrophilic" or "water wet." Each grain of sand is covered by a film of water, which is then surrounded by a slick of heavy oil (bitumen).
sections, each covering one phase: 1) Pre-project Planning, 2) Design, 3) Material Management, and 4) Construction.
Survey participants were asked to agree or disagree to the research question, which was as follows: "If the activities are delayed or poorly defined, which EPC activities affect the final project cost?" A binary (Yes or No) response was requested.
Schedule variances should not be confused with schedule overrun. "Schedule variance" is when an activity is planned (commencement date and duration) in an EPC process and then not executed as planned; "schedule overrun" is the final delay recorded in completing the project. Results from survey round one identified that activities during the Design stage of the project affected the EPC project outcome most, while construction activities affected the outcome least.
The second survey round was much more detailed than the first. One hundred and sixty three, EPC level three schedule activities were rated, using an unbalanced Likert scale 7 . The cumulative response of survey round one was part of this questionnaire. The survey participants were also asked to select either one or all of the factors that cause variances during an EPC project life cycle. The survey questionnaire was well laid-out and self explanatory, using the generic EPC framework developed by CII. The Unbalanced Likert scale was unique to this research but is not discussed in this paper.
The sole purpose of the survey was to rank the EPC activities. Table 1 provides an illustration of the results from survey rounds 1 and 2. An EPC level 1 activity was rated for binary response in survey round 1. The percentages shown in Table 1 , column 2 show the positive response of or acceptance to the research statement. A five point Likert scale was used to rate lower level (levels 2 and 3) activities in round 2. However, when the lower level results from round 2 were rolled up to a higher level, the results from survey round 2 were identical to the results of survey round 1, which satisfy the Delphi saturation requirements 5 . The severity of impact to the project's outcome when schedule variance is observed during the design stage was rated the highest, which justifies that "Design" is the element in the EPC process that has the biggest impact on schedule variation. Table 2 illustrates level 2 EPC activities within Design. The finalizing scope is the activity that, if not completed as planned, has a significant impact on the project's outcome. Scope finalization is followed by detailed schedule, detailed design, detailed cost estimate, and preparation of work packages. Table 3 : Pre-Project Planning S i g n i f i c a n t D e s i g n A c t iv i t ie s : R a n k S i g n i f i c a n t P r e -P r o j e c t P l a n n i n g A c t iv it ie s : R a n k F in a liz e S c o p e 1 F a c ilit ie s S c o p e P la n 1 D e ta ile d S c h e d u le 2 C o n tr a c t S tr a te g y 2 D e ta ile d D e s ig n 3 P r o j e c t E x e c u tio n P la n 3 D e ta ile d C o s t E s tim a te 4 P r o j e c t B u s in e s s P la n 4
P r e p a r e W o r k P a c k a g e 5 P r o d u c t T e c h n ic a l P la n 5 S i g n i f i c a n t C a u s e F o r V a r i a n c e R a n k S i g n i f i c a n t C a u s e F o r V a r i a n c e R a n k 
E x t e r n a l P r o j e c t F a c t o r s E x t e r n a l P r o j e c t F a c t o r s

I m m e d i a t e P r o je c t F a c t o r s I m m e d i a t e P r o je c t F a c t o r s
L a r g e a n d C o m p le x P r o je c t s 1 L a r g e a n d C o m p le x P r o je c t s 1 C o n c e p t u a l D if f ic u lty 2 C o n c e p t u a l D if f ic u lty 2 F a ilu r e o f C o n tr a c t 3 M o d e o f C o n tr a c t 3 M a n a g in g E x te r n a l A g e n c y 4 M a n a g in g E x te r n a l A g e n c y 4 M o d e o f C o n tr a c t 5 F a ilu r e o f C o n tr a c t 5 Table 4 : Material Management Table 5 : Construction
S i g n i f i c a n t M a t e r i a l M a n a g e m e n t A c t i v i t i e s : R a n k S i g n i f i c a n t C o n s t r u c t i o n A c t i v i t i e s :
R a n k S p e c i a liz e d E n g i n e e r e d E q u ip . 1 E x e c u t io n 1 F a b r ic a t e d I t e m s 2 P r e w o r k 2 F ie ld E q u ip m e n t M a n a g e m e n t 3 C o m m i s s io n in g 3
S e r v i c e s ( G C / S u b c o n t r a c t o r s ) 4 S t a r t -U p P la n 4 B u lk C o m m o d it ie s 5 D e m o b ili z e 5
S t a n d a r d E n g in e e r e d E q u ip . 6 P r o j e c t C lo s e O u t 6 F ie ld M a n a g e m e n t 7
D o c u m e n t a t io n 8 S i g n i f i c a n t C a u s e F o r V a r i a n c e R a n k S i g n i f i c a n t C a u s e F o r V a r i a n c e R a n k 
E x t e r n a l P r o je c t F a c t o r s E x t e r n a l P r o j e c t F a c t o r s
I m m e d i a t e P r o je c t F a c t o r s I m m e d i a t e P r o j e c t F a c t o r s
L a r g e a n d C o m p l e x P r o j e c t s 1 L a r g e a n d C o m p le x P r o j e c t s 1 M o d e o f C o n t r a c t 2 M o d e o f C o n t r a c t 2 M a n a g in g E x t e r n a l A g e n c y 3 M a n a g in g E x t e r n a l A g e n c y 3 F a ilu r e o f C o n t r a c t 4 F a ilu r e o f C o n t r a c t 4 C o n c e p t u a l D if f ic u lt y 5 C o n c e p t u a l D if f i c u lt y 5
Further external and immediate project factors were also rated during survey round 2. A large and complex project is the factor that is identified as the most significant for variances in the immediate project environment, and technology is the most significant factor of variance in the external project environment. Survey round three was conducted to verify the results of survey round two. The cumulative response from survey round three validated the results from survey round 2; consequently, the survey process was concluded.
PROJECT PREDICTION MODELS
The prediction models developed by this research are not intended to be company, project, location, or situation dependent; however, because of lack of resources and confidentiality issues, other companies were not partnered while developing these models. Data for developing these models were obtained from 14 Canadian projects completed within the last decade. The projects were industrial and included oil, oil and gas, tar sands, petro-chemical, and power generation projects. Projects with 40 K to 1.8 Million design hours were used to collect the data, courtesy of the Canadian EPC Organization, which has decades of experience. "Worker-hours" were used as the unit of measurement and not the actual dollar value to avoid undue complexities in disclosing confidential financial information into the public domain. Although the project prediction models could represent one company's (Bantrel Co.) process explicitly, they have been developed as generic models, which may be used by the EPC industry as a guide for future projects. Companies may modify the models to represent more accurately their own processes, as they deem necessary. Figure 1 shows the generic organizational structure. The research hypothesis dictates that if variance is observed during the life cycle of a project in any of the organizational elements (see Figure 1) , this variance will have an impact on the project's outcome.
To test this hypothesis and establish a relationship between different organizational disciplines, a correlation statistical analysis was used. The idea of correlation is one of the most important and basic in the elaboration of a bivariate relationship. A correlation matrix was established that compared each organization's discipline with every other discipline. A correlation coefficient was tabulated from the data sets used, which is excluded from this discussion. The majority of the organizational disciplines was highly interlinked or had high bivariate correlation coefficients. The correlation matrix verified the strong link between organizational disciplines within the EPC environment. Establishing the relationship between various organizational disciplines identified the need to develop regression models. The strong association of various organizational disciplines identified that a variance in one area will affect other areas, and finally the impact would be transferred to the final project outcome. However, the impact transferred to the outcome is not directly proportional to the variances in each discipline; therefore, the use of regression models is suitable for the analysis.
Regression models bring valuable insight into predicting the outcome of an EPC project. Individual EPC disciplines/departments are used as predictors for project outcome. Project outcome is the dependent variable and all the EPC departments/disciplines are the independent variables for the regression analysis.
The regression models can also be used in inverse. The background for using these models in an inverse manner is that, usually during the initiation phases of major projects, the projects' Owners have specified a budget for developing the proposed project. The proposed budget is based upon historic information, but sometimes this historic information is limited or not correctly recorded for future reference. Using the inverse models, the proposed budget can be checked for its validity for a specified type of project. The inverse models can be used to estimate "worker-hours (W-H)" for a specific discipline, which can then be compared with the discipline deliverables for verification. Regression models were developed with different data sets. Data sets of "W-H" used for developing the prediction models consisted of actual expended "W-H," budgeted "W-H," and detailed data sets, which are not discussed in this paper. Time phased data 8 was not used for developing these models. Figure 1: EPC Organization Structure Figure 2 is an EPC prediction model, which uses budgeted engineering "W-H" for predicting the expended engineering "W-H". Engineering, within an EPC project, is a significant part of a project's outcome. Figure 2 illustrates the relationship between budget and actual expended "W-H," using historic data. Budgets are developed early during the project life, which mature and are updated throughout the project life. The prediction model in Figure 2 can be used for forecasting the outcome of an EPC project based on the budgeted data during the early stages of the project life. The base line budget can be used to forecast the project outcome. Similar models were developed for all technical and non-technical disciplines; these can be used for forecasting each organizational discipline's or department's final outcome independently, within the project boundaries. However, such a forecast is subjective, requiring judgmental interpretation, and it can be applied to any EPC project in general. Figure 3 is an example of an EPC prediction model that uses the civil engineering "W-H" for predicting the total project "W-H." Unlike Figure 2 , Figure 3 illustrates the relationship between one organizational department's or discipline's "W-H" and the total project "W-H." Each organizational department or discipline is used to forecast the total project "W-H" independently. However, Figure 3 illustrates the relationship between civil engineering "W-H" and final project "W-H"; models were developed for all the organizational departments or disciplines, but these are not included in this paper. The regression equation and regression coefficient are shown in Figures 2 and 3 , respectively. Not all the models developed had very high values of regression coefficients, which determine prediction or models' accuracy. However, a majority of the models developed had acceptable values of regression coefficients. Figure 3 also implies that each EPC discipline or department can be used for predicting a project's outcome independently. For example, if variances in "W-H" are observed during the EPC cycle, the models discussed in Figures 2 and 3 can be used to forecast the total impact of variance. The model below (Figure 3 ) can also be used in an inverse manner, in which the total project "W-H" can be used to determine an individual discipline's "W-H." Each dot on the graph represents one historic project. These models are developed with historic information and are used to forecast future projects' outcomes. Models for all the organization departments or disciplines are developed but excluded from this discussion. It is noted that the variance generated from disciplines in early stages of EPC projects cannot be used for prediction purposes owing to the unavailability of time-phased data.
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CONCLUSIONS AND FUTURE RESEARCH
It can be observed that changes or variances in schedule and cost are almost inevitable in an EPC project environment; thus, it is up to the organization executing the project to forecast and predict these changes. Early prediction of variances during the project life cycle should be sufficient to earn merits and rewards for the project; however, the impacts of the early prediction of project outcome (such as how pre-project planning or alignment may impact project outcome) is not discussed in this paper because this topic has already been addressed by CII.
The list of generic EPC schedule activities and the stage when they most influence the final project outcome was the first deliverable of this research. This generic list of ranked EPC activities can be benchmarked for schedule check-up. Second, the project prediction models developed using historic project information are instrumental for quantifying the impact of variances on project cost. The prediction models can also be used for verifying the project forecast during the early or intermediate stages of the project life. Alberta has potential for significant growth in EPC business; therefore, better project prediction could reap benefits both for short-and long-term planning of labor and successful EPC project execution strategy. This research considered data from only 14 projects administered by one EPC company. The forecast could be made more accurate if more project data could be retrieved from other EPC companies to develop generic prediction models.
Variance during EPC project life cycle is inevitably a ripple affect, which is transmitted, non-linearly within the EPC project boundaries to the final cost of project and can be forecasted using the outcome of this research. The other objectives as part of the research in Ahmed (2005) include more rigorous statistical analysis for predicting variance based on baseline budgets using Monte-Carlo Simulation concepts (not included in this paper).
